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Coated abrasive binders are made from a photocurable 
addition-poJymerizable composition containing a free-radically 
poiymerizabie monomer and a photolnitiator system containing 
i) an arylidonium salt, ii) a sensitizing compound, and In) an 
electron donor having an oxidation potential that is greater than 
zero and less than or equal to that of p~dimethyoxybenzene 
(1.32 volts vs. S.C.E.). The binders cure rapidly and deeply 
under ultraviolet or visible light, even when filled with large 
amounts of mineral grain or with coarse grades of minerals. 
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Descripti n 

COATED ABRASIVE BINDER CONTAINING TERNARY PHOTOINITIATOR SYSTEM 



TECHNICAL FIELD 

5 This invention relates to coated abrasives made using photochemically initiated binders. 
BACKGROUND ART 

When coated abrasives are made from conventional binders such as hide glue, varnish or phenolic resins, 
the manufacturing process can be both energy-intensive and time-consuming. For example, the widely-used 

10 phenolic binders must be dried at high temperatures for long times (e.g., at least about 2 hours at 90° C for 
cure of phenolic size coatings), in an effort to reduce energy consumption and increase throughput, coated 
abrasive manufacturers have investigated electron-beam ("E-beam")-curable binders and photochemically- 
curable binders, e.g., as described in recently-issued U.S. Pat. Nos. 4,642,126 and 4,652£74. 
A genera) shortcoming of radiation curing as applied to coated abrasive manufacture lies in the inherent 

15 difficulty of curing behind an abrasive grain in highly-filled or thick-section coated abrasive products. As a 
result, the abrasive grains may be poorly adhered on the backing or carrier, with concomitant poor product 
performance. Combinations of E-beam cure and thermally-initiated cure have been employed to overcome this 
shortcoming ; however, such an approach still represents a compromise solution that can require considerable 
time and energy for completion of a thermal cure cycle. 

20 Aryliodonium salts have been previously described for use as photoinitiators in addition-polymerizable 
compositions. References relating to such compositions include U.S. Pat. Nos. 3,729,313, 3,741,769, 
3,808,006, 4,228,232, 4,250,053 and 4,428,807; H.J. Timpe and H. Baumann, Wiss. Z Tech. Hochsch. 
Leuna-Merseburg , 26, 439 (1984); H. Baumann, B. Strehmel, H. J. Timpe and U. Lammel, J. Prakt. Chem , 326 
(3), 415 (1984) ; and H. Baumann, U. Oerte! and H. J. Timpe, Euro. Poiym. J.. 22 (4), 313 (April 3, 1986). 

25 Mono- and di-ketones have also previously been described for use as photoinitiators in addition-polymeriz- 
able compositions. References relating to such compositions include U.S. Pat. Nos. 3,427,161, 3,756,827, 
3,759,807 and 4,071,424; U.K. Pat Specification No. 1 ,304,1 12; European Published Pat. Appl. No. 150,952 and 
Chem. Abs. 95525704U. 

30 SUMMARY OF THE INVENTION 

The present invention provides, in one aspect, a coated abrasive article having abrasive granules which are 
supported on and adherently bonded to a carrier (e.g., a backing sheet or a nonwoven web) by a photocured 
binder made by photocuring an addition-polymerizable composition comprising: 
a) f ree-radically-polymerizable monomer ("monomer") , and 
35 b) photoinitiator system soluble in said monomer, characterized in that said photoinitiator system 

comprises photochemically effective amounts of 

i) diaryliodonium salt ("iodonium salt"), 

ii) sensitizing compound ("sensitizer") capable of absorbing light somewhere within the range of 
wavelengths between 300 and 1000 nanometers and capable of sensitizing 2-methyl-4,6-bis(trichlo- 

40 romethyl)-s-triazine, and 

Hi) electron donor compound ("donor*), said donor being different from said sensitizer and 
wherein zero < ; Eox (donor) < E 0 x (p-dimethoxybenzene). 
The abrasive binders used in the invention have a very useful combination of cure speed, cure depth and 
shelf life. They cure well even when loaded with large amounts of mineral grain or with coarse grades of 
45 minerals. 

The invention also provides a method for manufacturing coated abrasives. 

DETAILED DESCRIPTION OF THE INVENTION 
Aside from the abrasive binder (described in more detail below), the other components of the coated 

50 abrasive product of the invention can be selected from those typically used in the art. In that regard, see W. 6. 
Pinkstone, "Abrasives*. Kirk-Othmer Encyclopedia of Chemical Technology , 3d Ed., 6, 26-52 (1978). The 
backing can be formed of paper, resin-impregnated cloth, low density open web (e.g., a nonwoven web as in 
U.S. Pat. No. 2,958,593), vulcanized fiber, film or any other carrier capable of supporting abrasive grains. The 
abrasive granules can be of any conventional grade utilized in the formation of coated abrasives and can be 

55 formed of flint, garnet, aluminum oxide, aluminaizirconia, synthetic ceramic, diamond, silicon carbide, etc., or 
mixtures thereof. The frequency of the abrasive granules on the carrier and their average particle size and size 
distribution can be conventional. The abrasive granules can be oriented or can be applied to the carrier without 
orientation, depending upon the requirements of the particular coated abrasive product. On abrasive articles 
made using a make coat and a size coat, either the make coat or the size coat can be made using a 

60 conventional resinous material, the remaining coat being made using a photochemically-tnitiated binder of the 
invention. If desired, both the make and size coat of such abrasive articles can be made using a binder of the 
invention. 

The use of the binder of the present invention avoids many of the problems that plague binders generally 
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used in coated abrasives. The binder does not require prolonged heating and/or dwefl times before 
subsequent coatings are applied to the make coat. Unlike glue, the cured binder Is unaffected by moisture. In 
fact, coated abrasive products made according to the invention perform well under wet grinding conditions. 
Unlike varnish, the binder used in the invention can be applied with little or no solvent and can be cured in a 
much shorter processing time. Varnish softens during wet grinding while the binder used in the invention is not 
deleteriously affected. Curing of the binder is accomplished much more rapidly than curing of phenolic resin. 

Coated abrasive products made according to the invention can also include such fnodtfications as are 
known in the art. For example, a back coating such as pressure-sensitive adhesive can be applied to the 
nonabrasive side of the backing and various supersizes can be applied to the abrasive surface, such as zinc 
stearate to prevent abrasive loading, and others. 

Turning now to the composition of the binder, a wide variety of monomers can tie employed. Suitable 
monomers contain at least one ethylenically-unsaturated double bond, can be oligomers, and are capable of 
undergoing addition polymerization. Such monomers include mono-, di- or poly- acrytetes and methacryiates 
such as methyl acrylate, methyl methacrylate, ethyl acrylate, isopropyt methacrylate, n~hexyl acrylate, stearyl 
acrylate, allyf acrylate, glycerol diacrylate, glycerol triacryfate, ethyleneglycol diacryiate, diethyleneglyeof 
diacrylate, triethyleneglycol dlmethacrylate, 1,3-propanediol diacrylate, 1,3-propancdlol dirnethacry^e, 
trimethylolpropane triacrylate, 1,2,4-DutanetrioltrimethacryIate, 1,4^dohexanedtoldiacfy|ate, pentaerythfttol 
triacrylate, pentaerythrrtol tetraacrylate, pentaerythrftol tetrajnethacrylate, sorbitol hexacryiate, bis[1-(2-acry- 
ioxy)]-p-ethoxyphenyldimethylmethane, bis[H3- acry!oxy-2i-rrydroxy)]-p-propo $r> 
shydroxyethyl isocyan urate triacrylate; the bis-acrytates and bis-methacrylates of polyethylene glycols of; 
molecular weight 200-500, copolymerizable mixtures of acryiated monomers such as those of U,S. pat U 
No. 4,652,274, and acryiated oligomers such as those of U.S. Pat. No. 4,642,126; unsaturated amides such as* 
methylene bis-acrylamide, methylene bis-methacrylamide, 1,6-hexamethylene iris acrylamlde, diethylens 
triamine tris-acrylamide and beta-methacirylamlnoethyl methacrylate; and vinyl compounds such as styrene, 
diallyl phthalate, drvinyl succinate, drvinyl adipate and drvinyiphthalate. Mixtures of two or more monomers can 
be used rf desired. 

The monomer is combined with a three component or ternary photoinrtiator system. The first component in 
the photoinrtiator system is the iodonium salt, i.e., a diaryiiodonium salt. The iodonium salt should be soluble in 
the monomer and preferably is shelf-stable (i.e., does not spontaneously promote polymerization) when, 
dissolved therein in the presence of the sensitizer and donor. Accordingly, selection of a particular iodonium 
salt may depend to some extent upon the particular monomer, sensitizer and donor chosen. Suitable iodonium 
salts are described in U.S. Pat. Nos. 3,729,313. 3,741,769, 3,808,006, 4^,053^ 4,394,403. The iodonhjm 
salt can be a simple salt (e.g., containing an anion such as CI", Br, I" or CsHsSOs") or a metal complex (salt 
(e.g., containing an anion such as BF4~, PFe~\ SbFe", SbFsOrt* or AsFe"). Mbctures of Iodonium salts can be 
used if desired. . ■ , 

Preferred iodonium salts include diphenyliodonium satts such as diphenyOodonium chloride, dipherryfiobo- 
nium hexafluorophosphate and diphenyliodonium tetrafluoroborate. 

The second component in the photoinrtiator system is the sensitizer. The sensitizer should t>e v soluble in the 
monomer, and is capable of light absorption somewhere within the range of wayalengths between ab,Qirt 300 
and about 1000 nanometers, more preferably about 400 and about 700 nanometers and most preferably about 
400 to about 600 nanometers. The sensitizer is also capable of sensitizing 2Hnethyl^,6-bis(trtehloro- 
methyi)-s-triazine, using the test procedure described In U.S. Pat, No. 3,729,313.; Using currently available 
materials, that test is carried out as follows. A standard test solution is prepared having the following 
composition: 

5.0 parts of a 5<>A> (weight by volume) solution in methanol of 45,000-55,000 molecular weight, 9.0-13.0% 
hydroxy! content polyvinyl butyrai ("Butvar B76\ Monsanto) 
0.3 parts trimethylolpropane trfmethacrylate 

0.03 parts 2~methyK6-bis(trichloromethyl)-s-triazine (see Bull. Chem. Soc. Japan, 42, 2924-2930, 19CJ9). 

To this solution is added 0.01 parts of the compound to be tested as a sensitizer. The solution is 
knife-coated onto a 0.05mm clear polyester film using a knife orifice of 0.05mm, and the ooating is air dried for 
about 30 minutes. A 0.05mm clear polyester cover film is carefully placed over the .dried but soft and tac^cy 
coating with minimum entrapment of air. The resulting sandwich construction Is then exposed for three, 
minutes to 161,000 Lux of incident light from a tungsten light source providing light in both the visible and 
ultraviolet range ("FCH" 650 watt quartz-iodine lamp, General Electric). 

Exposure is made through a stencil so as to provide exposed and unexposed areas in the construction. 
After exposure the cover film is removed and the coating is treated with a finery divided colored powder, such 
as a color toner powder of the type conventionally used in xerography, if the tested coijipourid is a sensitizer, 
the trimethylolpropane trimethacrylate monomer win be polymerized In the IBgfjt-expbsed areas lay the 
light-generated free radicals from the 2-metriyl^,6-bis(trichloromethyl)-s-triazine. Since the polymerized 
areas will be essentially tack-free, the colored powder will selectively adhere only to the tacky, unexposed 
areas of the coating, providing a visual image corresponding to that in the stencil. 

Preferably, in addition to passing the above test, a sensitizer is also selected based in part upon sheif 
stability considerations. Accordingly, selection of a particular sensitizer may depend to some extent upon the 
particular monomer, iodonium salt and donor chosen. 

Suitable sensitizers are believed to include compounds in the following categories: ketones, coumarin dyes 
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(e.g., ketocoumarins), xanthene dyes, acridine dyes, thiazole dyes, thiazine dyes, oxazlne dyes, azine dyes, 
aminoketone dyes, porphyrins, aromatic polycyclic hydrocarbons, p-substituted aminostyryl ketone 
compounds, aminotriaryl methanes, merocyanines, squarylium dyes and pyridinium dyes. Ketones (e.g., 
monoketones or alpha-diketones) are preferred sensitizers. For applications requiring deep cure (e.g., cure of 
5 thick-section abrasives) it is preferred to empioy sensitizers having an extinction coefficient below about 1000, 
more preferably below about 100, at the desired wavelength of irradiation for photopolymerization. 
By way of example, a preferred class of ketone sensitizers has the formula: 
ACO(X) b B 

where X is CO or CR 1 R 2 where R 1 and R 2 can be the same or different, and can be hydrogen, alkyl, alkaryl or 
10 aralkyl, b is zero or 1, and A and B can be the same or different and can be substituted (having one or more 
non-interfering substituents) or unsubstituted aryl, alkyl, alkaryl, or aralkyl groups, or together A and B can 
form a cyclic structure which can be a substituted or unsubstituted cycloaliphatic, aromatic, heteroaromatic or 
fused aromatic ring. 

Suitable ketones of the above formula include monoketones (b=0) such as 2,2-, 4,4- or 2,4-dihydroxyben- 

15 zophenone, dj-2-pyridyl ketone, di-2-furanyl ketone, di-2-thiophenyl ketone, benzoin, fluorenone, chalcone, 
Michler*s ketone, 2-fluoro-9-fluorenone, 2-chlorothioxanthone, acetophenone, benzophenone, 1- or 2-aceto- 
naphthone, 9-acetylanthracene, 2-, 3- or 9-acetylphenanthrene, 4-acetyibiphenyi, propiophenone, n-butyro- 
phenone, valerophenone, 2-, 3- or 4-acetylpyridine, 3-acetylcoumarin and the like. Suitable diketones include 
aralkyidiketones such as anthraquinone, phenanthrenequinone, o-, m- and p-diacetylbenzene, 1,3-, 1,4-, 1,5-, 

20 1,6-, 1,7- and 1,8-diacetylnaphtbalene, 1,5-, 1,8- and 9,10-diacetylanthracene, and the like. Suitable 
a-diketones (b=»1 and x=CO) include 2.3-butanedione, 2,3-pentanedione, 2,3-hexanedione, 3,4-hexane- 
dione, 2,3 heptanedione, 3,4-heptanedione, 2,3-octanedk>ne, 4,5-octanedione, benzil, 2,2S 3,3'- and 
4,4'-dihydroxylbenzil, furil, dhS^-indolylethanedione, 2,3-bomanedione (camphorquinone), biacetyl. 1,2-cy- 
clohexanedione, 1,2-naphthaquinone, acenaphthaquinone, and the like. 

25 The third component in the photoinitiator system is the electron donor. A wide variety of donors can be 
employed. The donor is soluble in the monomer, and should meet the oxidation potential (Eox) limitation 
discussed in more detail below. Preferably, the donor also is selected based in part upon shelf stability 
considerations. Accordingly, selection of a particular donor may depend in part on the monomer, iodonium salt 
and sensitizer chosen. Suitable donors are capable of increasing the speed of cure or depth of cure of the 

30 binder of the invention upon exposure to light of the desired wavelength. Also, the donor has an Box greater 
than zero and less than or equal to Eox (p-dimethoxybenzene). Preferably Eox (donor) is between about 0.5 
and 1 volts vs. a saturated calomel electrode ("S.C.E."). Eox (donor) values can be measured experimentally, or 
obtained from references such as N. L Weinburg, Ed., Technique of Electroorganic Synthesis Part II ♦ 
Techniques of Chemistry , Vol. V (1975), and C. K. Mann and K. K. Barnes, Electrochemical Reactions in 

35 Nonaqueous Systems (1970). 

Preferred donors include amines (including aminoaldehydes and aminosilanes), amides (including 
phosphoramides), ethers (including thioethers), ureas (including thioureas), ferrocene, sulfinic acids and their 4 
salts, salts of ferrocyanide, ascorbic acid and its salts, dithiocarbamic acid and its salts, salts of xanthates, 
salts of ethylene diamine tetraacetic acid and salts of tetraphenylboronic acid. The donor can be unsubstituted 

40 or substituted with one or more non-interfering substituents. Particularly preferred donors contain an electron 
donor atom such as a nitrogen, oxygen, phosphorus, or sulfur atom, and an abstractable hydrogen atom 
bonded to a carbon or silicon atom alpha to the electron donor atom. 

Preferred amine donor compounds include alkyl-, aryl-, alkaryl- and aralkyl-amines such as methylamine, 
ethylamine, propylamine, butylamine, triethanolamine, amylamfne, hexylamine, 2,4-dimethylaninne, 2,3-di- 

45 methylaniline, o-, m- and p-toluidine, benzylamine, aminopyridine, N.N'-dimethylethylenediamine, N,N'-die- 
thylethylenediamine, N.N'-dibenzylethylenediamine, N.M'-diethyl-I.S-propanediamine, N,N'-diethyl-2-butene- 
1,4-diamine, N,N'-dimethyl-1,6-hexanediamine, piperazine, 4,4Mrimethylenedipiperidine, 4,4'-ethylenedipipe- 
ridine, p-N,N-dimethyIaminophenethanol and p-N,N-dimethyiaminobenzonitriIe; aminoaldehydes such as 
p-N,N-dimethylaminobenzaldehyde, p-N,N-diethylaminobenzaldehyde, 9-juk>lidine carhoxaldehyde and 

50 4-morphoiinobenzaIdehyde; and aminosilanes such as trimethyfsilylmorpholine, trimethylsilylpiperidine, 
bisfdimethybminojdiphenyisilane, tris(dimethylamino)methylsilane, N,N-diethylaminotrimethy»silane, tris(di- 
methylamino)phenylsilane. tris(methylsilyl)amine. tris(dimethylsilyl)amine, bis(dimethylsilyl)amine, N,N-bis(di- 
methylsilyl)aniline, N-phenyl-N-dimethylsilylaniline and N,N-dimethyI-N-dimethyIsitylamine. Tertiary aromatic 
alkylamines, particularly those having at least one electron-withdrawing group on the aromatic ring, have been 

55 found to provide especially good shelf stability. Good shelf stability has also been obtained using amines that 
are solids at room temperature. 

Preferred amide donor compounds include N.N-dimethylacetamide, N.N-diethylacetamide, N-methyl- 
N-phenyiacetamide, hexamethylphosphoramide, hexaethylphosphoramide, hexapropylphosphoramide, tri- 
morpholinophosphine oxide and triprperidinophosphine oxide. 

60 Suitable ether donor compounds include 4,4'-dimethoxybiphenyl, 1,2,4-trimethoxybenzene and 1,2,4,5-te- 
tramethoxybenzene. 

Suitable urea donor compounds include N,N'-dimethylurea, N^-dimethylurea, N.N'-diphenylurea, tetra- 
methylthiourea, tetraethytthiourea, tetra-n-butylthiourea, N,N-di-n-butyIthiourea, N,N'-di-n-butylthiourea, N,N- 
diphenylthiourea and N,N'-diphenyl-N,N'-diethylthiourea. 
65 The three components of the photoinitiator system are present in "photochemically effective amounts*, that 
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is, amounts of each component sufficient to enable the binder to undergo photochemical hardening upon 
exposure to light of the desired wavelength. Preferably, for every 100 parts of monomer, the binder contains 
about 0.005 to about 10 parts (more preferably about 0.1 to about 4 parts) each of iodonium salt, sensitizer and 
donor. The amounts of each component are independently variable and thus need not be equal, with larger 
amounts generally providing faster cure, but shorter shelf life. Sensitizers with high extinction coefficients 
(e.g., above about 10,000) at the desired wavelength of irradiation for photopolymerization generally are used 
in reduced amounts. 

The binders can contain a wide variety of adjuvants depending upon the desired end use. Suitable adjuvants 
include solvents, diluents, resins, thermally-cured binders, plasticizers, pigments, dyes, inorganic or organic 
reinforcing or extending fillers (at preferred amounts of about 10% to about 90% by weight, based on the total 
weight of the composition), thixotropic agents, indicators, inhibitors, stabilizers, UV absorbers, and the like. 
The amounts and types of such adjuvants, and their manner of addition to the binder will be famiiiar to those 
skilled in the art. 

The binders can be cured using a variety of methods. It is convenient to employ light sources that emit 
ultraviolet or visible light such as quartz halogen lamps, tungsten-halogen lamps, mercury arcs, carbon arcs, 
low-, medium-, and high-pressure mercury lamps, plasma arcs, light emitting diodes and lasers. Electron beam 
("E-beam") irradiation and other curing devices that do not depend on light emission can also be employed. In 
general, heat or an inert atmosphere will accelerate cure. 

The following examples are offered to aid in understanding the invention and are riot to be construed as 
limiting the scope thereof. Unless otherwise indicated, all parts and percentages are by weight. 

EXAMPLE 1 

Three stock solutions were prepared from 0.25 parts camphorquinone (CPQ), 50 parts triethylenegfycol 
tiimethacrylate (TEGDMA) and 50 parts bisphenol A diglycidyl ether dimethacrylate (BisGMA). 0.50 Part 
diphenyiiodonium hexafluorophosphate (g^PPFe") was added to the first solution. 0.1J5 Part sodium 
p-to»uenesuifinate (STS) was added to the second solution. 0.50 Part ^PPFe" and 0.25 part STB were added 
to the third solution. Each solution was poured into a 6mm diameter Teflon" mold to a depth of 25 mm, 
covered with polyester film and irradiated for 10 seconds using a handheld visible light curing lamp ("Visllux", 
3M) whose Rghtgulde output end was placed directly on the polyester film. 

The solutions containing only CPQ and q^rPFe" or CPQ and STS formed a soft gel. The solution containing 
CPS, q>2rPF6" and STS hardened to a solid having a Barcol hardness of 40 (ASTM D-2583) on both Its top and 
bottom surfaces. 

In a further experiment, three stock solutions were prepared from 1 1 .85 parts each of the above monomers, 
76 parts filler, and 0.25 part CPQ. 0.25 Part <p2l + PFe~ was added to the first solution. 0.25 Part 
N,N-dimethylaminophenethyl alcohol ('D-l*) was added to the second solution. 0,25 Part (p2l + PFe~ and 0.25 
part D-1 were added to the third solution. Each solution was cured In a mold as described above, but using a 
6mm deep mold and a 20 second cure time. The solution containing only ^l+PFs" old not cure. The solution 
containing only D-1 had top and bottom Barcol hardness values of 56 and 2, respectively. The solution 
containing both q>2l + PF6~ and D-1 had top and bottom Barcol hardness values of 60 and 30, respectively. 

The above data illustrates that an increased degree of polymerization and depth of cure can be obtained 
using a binder cured according to the invention. 

EXAMPLE 2 

Equimolar amounts of a variety of donors were added to monomer stock solutions .containing 50 parts 
trimethylolpropane trimethacrylate, 50 parts 1,4-butanediol dimethacrylate, 0.25 part CPQ and optionally 0.5 
part of the iodonium salt ^I^PFe". 

The resulting solutions were irradiated with visible light at an intensity of 60 mW/cm 2 (as measured by a 
United Detector Technology Model 351 portable photometer/radiometer) at 400^500 nm. The solutions were 
stirred using a glass rod and the time required to reach the gelation point was recorded. Set out below In 
TABLE I are the run number, donor compound, Eox (donor), weight percent donor, and gel times for solutions 
prepared with and without the iodonium salt. The donors are listed in TABLE I in ordj^r of generally decreasing 
oxidation potential. 
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TABLE I 
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Sensitizer/ 
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2 
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15 


A 


methylethylketone 




0.218 
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5 
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tetrahydrofuran 
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hexaethylbenzene 


1.49 
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1 1 
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methoxyphenylphenylether 
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1 0 
1Z 


p-dimethoxy benzene 


1.34 
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15 


N,N-dimethylacetaiRide 


1.32 


0.264 


ZU4 


1DU 


30 


T it 


phenylacetate 


1.30 


0.413 


?ZUU 


s. 1 ori 




13 


n~propylamine 


1.30 


0.200 


on 


24 




lo 


aniline 


1.28 


0.282 


>ZUU 


?19U 


35 


1 / 


1, 3-dibu tyl thiourea 




0.570 


>zuu 
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lo 


tetramethylurea 
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l? 


te trabu tyl thiourea 
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ID 




40 


20 


dipentylaniine 


1.22 


0.477 
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19 


21 


1,2,4-triniethoxybenzene 


1.12 


0.509 








22 


hexame thy Ipho s pho r am i de 


1.00 
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23 


tripiperdinophosphine oxide 


1.00 


0.907 


52 


40 


45 


24 


trimethylsilylmorpholine 




0.483 
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21 




25 


N,N-dimethylbenzylainine 


1.00 


0.410 


18 


n 

%j 




zo 


tris-diraethylsi lylami ne 




0.580 
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50 


27 


t r i e thanolam ine 


0.96 


0.452 


17 


6 




28 


tris(dimethylamino)- 
phenylsilane 




0.719 


15 


9 


55 


29 


triphenylaroine 


0.86 


0.737 


>200 


>190 




30 


t r i phenyl phos ph i ne 




0.794 


>200 
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31 


p-dimethylaminobenzaldehyde 


0.70 


0.452 


13 


11 


60 


32 


N , N-d i me t hy 1- p- 1 ol u i d i ne 


0.65 


0.410 


14 


7 


33 


p-dimethylaminophenyl- 


0.65 


0.500 


13 


8 



65 



alcohol 

The above data illustrates that an increased cure rate is obtained using a binder cured according to the 
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invention, and demonstrates the advantage of using donors whose Eox value is less than or equal to that of 
p-dimethoxybenzene and that have an abstractable hydrogen atom on a carbon or silicon atom alpha to the 
donor atom. 

EXAMPLE 3 

An unfilled binder formulation was prepared from the following ingredients: 



% Solids 
43.3 
4.3 
51.9 

0.5 



made up to 11.5^0 solids in a 1/1 v/v acetonitrile/water mixture. Using a red safelight coating samples were 
prepared by combining 25ml portions of the above stock solution with 0.01 g of the sensitizer and optionally 
adding 0.1g q^PPFe - and/or 0.1g S7S. The samples were coated onto gelatin-subbeg polyester fllm using a 
#18 wire wound rod, dried with a heat gun, then oven-dried for 2 minutes at 60 o C/The coaled films were 
exposed under vacuum through a 21 step sensitivity guide, using a tungsten ("Model 70* Transparency Maker, 
3M) or ultraviolet (2Kw Berkey Aacor, Berkey Technical Company) light source. The exposed samples were 
developed using a 3/20, v/v water/methanol solvent mixture. Relative speed was determined by the number of 
steps (average of 3 samples) remaining after development Set out below in TABLE II are the results for the 
samples exposed to visible light, and set out below in TABLE III are the results fof^ me samples exposed to 
ultraviolet light. Each exposure was 30 sec. in the visible region or 60 sec. in the ultraviolet region except as 
noted. * 



acrylamide 

N, N ' -methylenebisacrylamide 
polyvinyl alcohol 

(m.w. 2000, 75% hydrolyzed) 
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The above data illustrates that combination of an iodonium salt, sensitizer and donor can increase cure 
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speed by one to two orders of magnitude compared to binders containing only sensitizer and donor or only 
sensitizer and iodonium salt 

EXAMPLE 4 

5 To illustrate the effect of Eox (donor) upon cure speed, a series of binders was evaluated as follows. A 

monomer stock solution was prepared from 10% pentaerythritol tetraacrylate in 4/1, w/w, acetonitrile/water. 

To 3 ml portions of this solution in 13 x 100mm "Pyrex* test tubes were added about 0.02g of ^zVPFe" and/or 

a donor compound and enough sensitizer to give an optical density of between 1 and 2, as evaluated visually. 

The solutions were purged with N2 for 2 minutes before and continuously during light irradiation. The light 
10 source was a Kodak "Carousel" Projector lamp equipped with a 440nm filter. Relative speed was determined 

by measuring gelation time. 
Set out below in TABLE IV are the run number, the sensitizers and their h™* values, the donor compounds 

and their Eox values, and the gelation times for binders containing iodonium salt plus sensitizer, sensitizer plus 

donor, or iodonium salt plus sensitizer plus donor. 
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The above data illustrates that when Eox (donor) is decreased, cure speed generally increases (see aiso 65 
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TABLE I). 
EXAMPLE 5>; 

A polyester cloth backing (woven, spun polyester cloth, 0.03 g/cm 2 , Milliken) was impregnated with resin by 
5 saturating the backing with an ultraviolet-light-curable resin mixture made by combining 75 parts 
epoxy-acrylate resin ("Novacure 3500", Interez), 15 parts pentaerythritol triacrylate, 9 parts n-vinyl pyrrolidone 
and 1 part a,a-cfimethoxy-a-phenyi acetophenone, and curing the resin under ultraviolet light in air using an 
energy density of 0.3 J/cm 2 . 
A coated abrasive binder resin was prepared from a 50:50 mixture of the triacrylate of tris-hydroxyethyliso- 
10 cyanurate and the triacrylate of trimethylolpropane, filled to 5Wb with calcium carbonate. 0.25 Part each of 
q^PPFe", CPQ and D-1 were mixed into the binder resin. 

The resin-impregnated backing was knife-coated with the binder resin at a coating thickness of 0.1 mm, then 
drop-coated with grade 50 AJ2O3 mineral. The hinder was cured under nitrogen in 5 to 10 seconds using a high 
intensity visible light source (Hodel F440 with 4V678 lamp, Fusion Systems) operated at a distance of about 1 5 
15 cm. Microscopic examination of the cured abrasive showed that cure took place throughout the binder, even 
underneath individual mineral granules. By comparison, if the photoinitiator system was excluded from the 
resin and a 5Mrad dose of E-beam irradiation (250 Kv acceleration potential) was employed to effect cure, 
pools of wet uncured resin remained under individual mineral granules and the granules were poorly adhered 
on the backing. 

20 A sample of the coated abrasive was size coated with the same resin system, using a coating weight just 
sufficient to coat the mineral granules. The size coat was cured under the visible light source used to cure the 
make coal The resulting coated abrasive was evaluated using a reciprocating grinding apparatus ("rocker 
drum") on a 6mm thick 1018 carbon steel workpiece. After 500 cycles, no shelling was observed and an 
average of 0.77g of steel was removed. A comparison abrasive sample was prepared using a make coat that 

25 contained the same photoinitiator system (cured using visible light), and a size coat that did not contain the 
photoinitiator system (cured using E-beam). The comparison abrasive shelled after only 20 cycles and 
removed only 0.02g of steel. 

Comparable results were obtained when sensitizers such as benzit, 2-chlorothioxanthone and fluorenone 
were substituted for camphorquinone. Improved uncured resin shelf life and ambient light stability were 

30 obtained when donor compounds such as ethyl p-dimethylaminobenzoate, p-dimethyiaminobenzaidehyde 
and p-dimethylaminobenzonitrile were substituted for p-dimethylaminophenethyl alcohol. 

The above-described abrasive binder system should be a useful substitute for standard phenolic-based 
binders, and could offer reduced energy consumption and higher throughput during manufacture. 

35 EXAMPLE 6 

An open, preformed, bonded nonwoven web, about 10 mm thick, was formed from air laid 15 denier per 
filament 40 mm long crimped nylon fibers bonded with a polyisocyanurate resin. The fiber content of the 
nonwoven web was 145 g/m 2 and the binder content was 115 g/m 2 . 
A slurry of abrasive particles and binder was prepared by stirring together 30 parts bisphenol A digrycidyl 

40 ether diacrylate, 30 parts tris-hydroxyethylisocyanurate triacrylate, 30 parts tetraethyleneglycol diacrylate, 10 
parts monofunctional acryiate adhesion promoter ("Photomere 6173", Occidental Chemical Corporation), 0.5 
parts diphenytiodonium hexafiurorphosphate, 0.5 parts benzil, 0.5 parts ethyl-4-dimethylamino benzoate and 
about 100 parts grade 220 fused aluminum oxide abrasive particles. The slurry was coated onto the bonded 
nonwoven web using a 2-roll coater, at a coating weight of about 2000 g/m 2 . 

45 The coated nonwoven web was then subjected to high intensity visible light irradiation by passing it eight 
times (four times each side) at a belt speed of about 3 m/minute and at a lamp distance of about 10 cm through 
the "Fusion Systems" apparatus used in EXAMPLE 5. The abrasive binder resin cured to a hard resinous state. 
The abrasive particles were firmly adhered to the open fibrous matrix. 
Three 130 mm diameter discs with 13 mm center holes were cut from the coated and cured nonwoven web. 

50 The discs were ganged on a spindle and supported by 75 mm diameter flanges. While rotating the discs at 1 200 
revolutions per minute an aluminum work piece was held against the periphery of the discs. The discs abraded 
the aluminum workpiece at a very satisfactory rate and produced an acceptable surface finish. The discs 
performed comparably to abrasive articles made according to the teachings of U.S. Pat Nos. 2,958,593 and 
4,609,380, and had the advantage of being made from a photocured binder rather than a thermally-cured 

55 binder. 

Various modifications and alterations of this invention will be apparent to those skilled in the art without 
departing from the scope and spirit of this invention. It should be understood that this invention is not limited to 
the illustrative embodiments set forth herein. 

60 

Claims 



65 1. A coated abrasive having abrasive granules which are supported on and adherently bonded to a 
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carrier by a photocured binder made by photocuring an addition-polymerizable composition comprising: 

a) free-radically-polymerizable monomer, and 

b) photoinitiator system soluble in said monomer, characterized in that said photoinitiator system 
comprises photochemically effective amounts of 

i) aryliodonium salt, 5 

ii) sensitizing compound capable of absorbing light somewhere within the range of wavelengths 
between 300 and 1000 nanometers and capable of sensitizing 2HrnethyM,6-bis(trichloro- 
methyl)-s-triazine, and 

iii) electron donor compound, said donor being different from said sensitizing compound and 
zero < ; Eox (donor) ^ Eox (p-dimethoxybenzene). 10 

2. A coated abrasive according to claim 1 , characterized in that said carrier comprises a backing sheet, 
said abrasive granules are selected from the group consisting of flint, garnet, aluminum oxide, 
alumina izirconia, synthetic ceramic, diamond and silicon carbide, and said granules are bonded to at least 
one major surface of said backing sheet by a make coating of a first resinous material and a size coating of 

a second resinous material, said first and/or said second resinous materials being made by photocuring 15 
said binder. 

3. A coated abrasive according to claim 1, characterized In that said carrier comprises a low density 
open web and said abrasive granules are selected from the group consisting of flint, garnet, aluminum 
oxide, aluminaizirconia, synthetic ceramic, diamond and silicon carbide. 

4. A coated abrasive according to any preceding claim, characterized in that said monomer comprises 20 
an acrylated oligomer. 

5. A coated abrasive according to any preceding claim, characterized in that said monomer comprises 
the triacrylate of tris-hydroxyethylisocyanurate and/or the triacrylate of trimethylolpropane. 

6. A coated abrasive according to any preceding claim, characterized in that said sensitizing compound 

has the formula: 25 
ACO(X) b B 

where X is CO or CR 1 R 2 f where R 1 and R 2 can be the same or different, and can be hydrogen, alkyl, alkaryi 
or aralkyl, b is zero or 1 , and A and B can be the same or different and can be substituted or unsubstituted 
aryi, alkyl, alkaryi or aralkyl groups, or together A and B can form a cyctlc structure which can be a 
substituted or unsubstituted cycloaliphatic, aromatic, heteroaromatic orfused aromatic ring. 30 

7. A coated abrasive according to any preceding claim, characterized in that said Em(donor) is between 
0.5 and 1 votts vs. a saturated calomel electrode. 

8. A coated abrasive according to any preceding claim, characterized in that said composition 
contained, for every 100 parts by weight of said monomer, 0.005 to 10 parts by weight each of said 
aryliodonium salt, said sensitizing compound and said donor. 35 

9. A coated abrasive according to any preceding claim, characterized in that said composition 
contained, for every 100 parts by weight of said monomer, 0.1 to 4 parts by weight each of said 
aryliodonium salt, said sensitizing compound and said donor. 

10. A method for making coated abrasives according to any preceding claim, comprising the steps of 

(A) coating a carrier with said abrasive granules and a photocurable binder , comprising an 40 
addition-polymerizable composition, and 

(B) photocuring said binder by irradiating it with ultraviolet or visible light, characterized in that said 
binder contains said photoinitiator system. 

45 



13 



50 



55 



60 



65 



